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OctoL,• 18, 1951

STANFORD RESEARCH INSTITUTE

interim Report - Part II

HE TESTS - OPERATION JANGLE

I Introduction

The purpose of this report is to utilize the results of the HE
Tests of Operation JANGLE (Project 1(9)) to estimate the anticipated
similar results for the "U" and "S" one kiloton nuclear tests of
Operation JANGLE.

The HE Tests of Operation JANGLE ar'i reported in a Stanford
Research Institute Interim Report of October 1951, classified CONFI-

* DENTIAL. For reference purposes the CONFIDENTIAL Interim Report will
be referred to as Part I, and it is assumed that the interested reader
has it available.

In this report (Part II) no attempt is made to differentiate
between the fundamental characteristics of HE (TNT) ard nuclear ex-
plosions. In fact, the discussion herein assumes that a 1 KT nuclear
explosion will release mechanical energy equivalent to 1 KT of TNT
and will produce physical effects equivalent to those which would be
producod by 1 KT of TNT. It would be more proper to state that this
report utilizes the results of 2560 pound and 40,000 pound TNT explo-
sions to estimate sl!iar results for scaled experiments using 1,000
tons of TNT.

II Description of Tests

, 0 The tests under consideration may be described as follows8

Pounds of TNT Depth of Charge

Test W W1/3 ft A Date

HE-I 2.56 x 103 13.8 1.9 0.135 August 25, 1951
4HE2 40 x 103 34.2 4.7 u.135 September 3, 1951

HE-4 2.56 x 103 13.8 -1.9 -0.135 September 9, 1951

U 2000 x 103 126 17 0o135 Fut'tre
SS 2000 x 103 126 Surfaco Future

K°'



2.

HE-1, HE-2 and U are scaled experiments and H-+4 and S are

scaled experiments. The scale ratios are as followss

Tests Scale Ratio

71 1 HE-2 3.68
U : HE-I 9.2
HE-2 : HE-2 2.5
S : HE-4 9.2

For the application of model laws to scaled experiments it is
assumed that the environment of the experiment (the air and earth)
is either homogeneous or is described by dimensions related by the
appropriate scale factor. In this case it is assumed that the air
and earth are both homogeneous to the dimensions required for each
experiment. In the case of the air this is a valid assumption. For
the earth this may not be the case. It is known that the sub-surface
characteristics have local variations throughout the test area (see
Part I). It is also believed that there is a rather marked change in
seismic velocity at a depth of 100 - 200 feet, which is shallow enough
to affect 1 KT tests while possiblý not producing pronounced effects
on the smaller tests. In any event, a homogeneous earth has been
assumed for the application of the normal model laws, with the test
site and gage line of HE-2 used as the reference.

III Earth Acceleration

Examination of tl e earth acceleratici records (Part I - Appendix)shows pronounced secondary effects which can be ascribed to the air-

blast pressure pushing on the ground surface above the ground location.
These induced air-blast effects were generally of short duration
compared to the remainder of the accelerometer records. In particular,
it would appear that for charges in excess of a few thous&nd pounds
the duration of these effects is dependent on the characteristics of
the earth rather than on the charge gize. As a consequence, for large
charges these locally induced effects are probably not of major mili-
ttizy importance. For HE-1 and HE-2 the amplitudes of these short
duration air-blast induced effects did not scale, while the remainder
of the phenomena did scale.

S• For the purposes of this discussion the locally induced air-blast
effects have been removed from the acceleration records, and considera-
tion is given only to the relatively low frequency acceleration
components produced by the fundamental explosive forces operating
through the earth alone. The importance of the induced air-blast
effects in the design of instrumentation is recognized, and further
discussion of these phenomena will be given later.

SUNCLASSIFIED
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Figure 1 shows the wave-forms estimated for the earth accelera-
tion on the U test, neglecting the air-blast induced effects. These
curves have been prepared by the application of the normal model lawL
to the results of HE-i and RL.-2, The horizontal records for HE-i and
HB-2 were quite consistent and a single representative wave form
appears appropriate. There were some relatively strong later arrival
accelerations, but these phenomena appeared not to follow any system-
atic pattern regarding either wave-form or amplitude.

The curves of Figures 2 and 3 show the expected peak amplitudes
of the horizontal earth acceleration as functions of X and R for
Test U. For Test S these peak accelerations should be reduced by
about 25 per cent, although the wave-form of Figure 1 should still
apply. Estimates for Test S are based on HE-4, where the air-blast
induced effects were not excessive on the horizontal earth accelera-
tion.

The vertical earth acceleration records ere more oomplex than
the horizontal, as shown in Fgure 1. Furthermore, the local air-
blast effects are more pronounced on the vertical records, and the
true low frequency character is difficult to ascertain. It appears
that for small values of X the initial positive vertical peak is the
maximum peak, while for larger A values the first negative peak and
the secohd positive peak are nearly mqual and considerably greater
than the first positive peak. For low X. values the low frequency
peak vertical acceleration is estimated to be about one-fifth the peak
horizontal acceleration shown in Figures 2 and 3. Direct scaling
applied to HE-2 would show a flattening of the vertical acoeleration
graph in the region A 10 to A 12, with the peak vertical accelera-
tions becoming equal to the horizontal accelerations in this region
and exceeding them at larger distances.

However, a study of the HE-I and HE-2 results shows this flatten-
ing of the vertical acceleration versus distance curve to occur at a
distance of about 500 feet for each test, indicating that this effect
does not scale. If this effect truly occurs at 500 feet this corre-
sponds to a A value of about four for a 1 KT test. This leads to

N, the distinct possibility that the vertical component can exceed the
horizontal component at distances beyond about ý 5 or A 6 for a
1 KT test. It appears that there is either insufficient data or

Q •insufficient analysis, or both, to estimate the vertical earth accel-
eration for 1 KT tests at this time. It is generally believed that

-• the horizontal component of acceleration is of major importance in
producing military damage, and this component can be estimated with
some degree of assuranae.

It is to be noted that this report has considered the maximum
low frequency peak of earth acceleration, as compared to Part I
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where the first peaks were considered. This makes little differencein the horizontal component, but for the vertical component the

: •maximum low frequency pegcks were generally several times greater
than the first peaks at A 6 and larger.

On Test HE-4 the local air-blast induced effects completely
dominated the pertinent vertical earth-acceleration records. It is
impractical to estimate the low frequency vertical earth acceleration•
for Test S, although there is some reason to believe that the wave-
forms and amplitudes may differ quite markedly from those estimated
for Test U. In general, the amplitudes are expected to be lower.

The earth-acceleration measurements reported were obtained at a
gage depth of five feet for all HE tests. A few measurements at a

' depth of 17 feet on HE-2 showed no major difference in either wave-
"form or amplitude. Except for local induced air-blast effects it is
believed that the earth accelerations will not be greatly different
at the principal gage depths of five and ten feet planned for the two

~ onuclear tests.

IV k Air-Blast Induced Effect Earth Acceleration

A comparison of the vertical earth acceleration records from
a HE-l and HE-2 shows that the local air-blast induced acceleration

peaks were about the same for the two tests at equal A distances.
"If anything, there was a slight increase with charge size. From this
it would appear that this phenomenon does not follow the simple accel-
eration model law, wherein for scaled experimentq the peak acceleration
is inversely proportional to charge diameter (wl/ 3 ). Furthermore, the
durations of the induced accelerations for HE-l and HE-2 were of
"nearly the same value, again indicating a failure to scale.

Figure 4 shows the approximate wave-form of this phenomenon.

Period approx. 0.025 sec.

* FIGURE 4

LOCAL AIR-BLAST INDUCED VERTICAL EARTH ACCELERATION

UNCLASSIFIED
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It is possible to visualize this phenomenon as resulting from
the sharp front of the air-blast wave, and being relatively independent
of the positive phase duration of the pressure wave as long as the
duration is somewhat greater than the period of the induced accelera-
tion. This period could be a function of the earth's characteristics
and the gage depth. If this reasoning is correct it could lead to the
conclusion that, for a fi ced gage depth (in feet), the peak induced
acceleration at a fixed X distance is constant for all charge sizes
above a certain minimum value, since the peak air-blast pressure for
fixed 3.. values is independent of charge size for scaled experiments.
Although this is probably of little military importance, it could have
a profound effect upon the design of instrumentation, since these short
duration peaks would have a greater amplitude relative to the low
frequency earth accelerations for larger charges, with phasing dependent
upon the seismic and air shock velocities.

On HE-l and HE-2 these induced peaks of vertical earth accelera-
tion had values ranging from 6 G at ;L 2 to 2 G at A S. If these
values remain constant for the scaled U test they are much greater
than the estimated low frequency peaks. Based on a few HE-2 measure-
ments at a depth of 17 feet it is estimated that this effect would be
somewhat reduced at a gage depth of ten feet instead of five feet.

V Air-Blast Pressure

The HE-I and HE-2 air-blast pressure records indicate good model
law behavior. Hence it is expected that the model law can also be
applied to HE-4 for air-blast pressure. One estimated air-blast
pressure record (3. 6) is shown on Figure 1. This wave-form should
apply to both the U and S test,., with the positive phase duration
varying from about 0.2 second at A 4 to 0.35 second at A 15.
Estimated peak air-blast pressures for U and S are shown on Figures
5 and 6.

VI Earth Pressure

As discussed in Part I, the earth-pressure measurements on the
HiE tests were made in shallow holes. No reasonable model law behavior
could be established between HE-I and HE-2 because of the limited
measurements on HE-I. Two measurements at a gage depth of 17 feet on
HE-2 (holes filled to the top with Aquagel solution) gave peak values

* about three times those obtained in the five-foot holes. No formal
estimate is made of the e;rth pressure for the U and S tests. For

,c-.' instrumentation at a depth of ten feet on Test U peak earth-pressure
values ar- estimated at twice those reported for HE-2 in Part I (for
the same A values of gage distance from ground zero).

It is worth noting that the local air-blast induced effects on
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the earth-pressure measurements (open holes) on HE-4 were most pro-
nounced at fairly large / values. This is perhaps dus to the fact
that the air-blast pressure is attenuated less rapidly with distance
than is the earth pressure.
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